Abstract. Previous studies have shown that hydroxyapatite increases the bonding strength of dental luting cement with human teeth by forming bone-like apatite when it is added to cement. However, due to the low solubility of the hydroxyapatite, its ability to form bone-like apatite decreases in protein-free acellular simulated body fluid with ion concentrations nearly equal to those of the human blood plasma. The purpose of this experiment was to increase the formation of bone-like apatite by mixing hydroxyapatite with β-TCP of high solubility. RelyX TM glass ionomer cement(3M/ESPE, USA) was used as dental luting cement. Film thickness, setting time, and compressive strength was measured for each group of 15% hydroxyapatite, 15% β-TCP, and 15% mixed hydroxyapatite and β-TCP (85:15). Every specimen of each group was immersed in the simulated body fluid for four week before measuring bonding strength, and then their sectional surface was observed under SEM. The most noteworthy result was that the group containing β-TCP produced more amount of bone-like apatite compared with the group composed of only hydroxyapatite.
Introduction
Hydroxyapatite (HA) powder is an appropriate reinforcement for organic polymers in terms of mechanical and biological properties [1] . Many researchers have said that biocompatibility of HA contributed to enhancement of mechanical properties of various dental materials. Dental luting cement is a medium to bond the restorative material to the teeth .Therefore, not only the physical property of the dental luting cement itself, but its changes at the interface with the teeth are very important. According to a previous study, HA, when added to the glass ionomer cement (GIC), increases the bonding strength with human teeth by forming bone-like apatite [2] . However, due to low solubility of HA, only limited amount of bone-like apatite formation was observed under SEM. In this study, we expected to increase the formation of bone-like apatite by using β-tricalcium phosphate (TCP), the same apatite system as HA but with higher solubility. Pure β-TCP has poor physical property compared with HA. Therefore, biphasic calcium phosphate (BCP), a mixture of pure HA and pure β-TCP was used in this study. BCP was prepared as 85/15 mixture of HA and TCP, the ratio known to have the highest osteoinductive potential [3] . The aim of this study was to enhance the bonding strength of GIC at the interspaces with teeth, by utilizing bioactivities of HA and high solubility of β-TCP, which result in increased apposition of bone-like apatite at the interspaces with teeth. This will provide a good foundation for the wide application of the bioactivity of apatite in other fields of the dentistry.
Materials and Methods
Preparation of sample. RelyX TM GIC (3M/ESPE, USA) was selected in this study. According to previous studies, where 15% HA-RelyX TM GIC was shown to have most improved physical property, we limited the concentration of apatite-GIC to 15% [2] .15% concentration of HA, β-TCP, BCP(85/15 HA and β-TCP) were replaced for glass powder, keeping the water/powder ratio of 2. In other words, the subtracted powder(GIC) was replaced with the same amount of HA, β-TCP, BCP. The film thickness, setting time and compressive strength were determined under regulation of ISO standards 9917. They were tested using pure GIC, 15% HA-GIC, 15% TCP-GIC, 15% BCP-GIC with 3-5 teeth for each group. Film thickness. After GIC, 15% HA-GIC, TCP-GIC, BCP-GIC were inserted between two optically flat, square or circular glass plates with a contact surface area of 200 mm 2 , a force of 150 N was loaded vertically for 10 min. Film thickness was the difference in thickness of the plates with and without the cement film. Setting time. GIC, mixed 15% apatite-GICs were placed in the cabinet(37°C, 90% relative humidity) right after it was mixed. Ninety seconds later, an indentor was lowered vertically onto the surface of the cement and remained there for five seconds. This procedure was repeated at ten seconds intervals until the needle(indentor) failed to make a complete circular indentation in the cement. The setting time was recorded as the time elapsed between the time at the end of mixture to the time when the needle failed to make a complete circular indentation. Compressive strength. Mixed 15% apatite-GICs and GIC were preserved in the cabinet(37°C, 30% relative humidity) for 24 hr after mixture. The specimens were loaded by a mechanical tester, which is capable of loading at the rate of 50 N/min. The applied load was recorded when the specimen fractured and the compressive strength(C) was calculated in MPa using the following formula. C = 4p / πdJ p = the maximum load applied (N) d = the measured diameter of the specimen (mm)
The three measurements above were calculated using the ANOVA analysis. Bonding strength. Five specimens were fabricated for each group. First, twenty human second molars were prepared to expose the dentin. Four groups of GIC and apatite-GICs, prepared as mentioned above, were bonded to the four groups of teeth with exposed dentin. They were immersed in simulated body fluid (SBF) for four weeks. Afterwards, the bonding strength of four groups was measured suing testing machine (Instron, UK) and compared to the control group. And then, the sectioned surface was observed under SEM.
Results and Discussion
15% HA-GIC, BCP-GIC, TCP-GIC had thinner film thickness compared with the one in pure GIC. However, there was no statistically significant difference among the three groups of apatite-GICs (Fig. 1) . 15% HA-GIC, BCP-GIC, TCP-GIC had longer setting time compared with the control group. However, there was no significant difference among the three groups, and their setting time was within the range of 3 to 8 minutes as indicated in the ISO 9917 standard regulations (Fig. 2) . The more amount of HA component contained, the higher the compressive strength observed. In result, the compressive strength was greatest in 15% HA-GIC, and it decreased in order of BCP-GIC, TCP-GIC, and GIC (Fig. 3) . Bonding strength was greatest in 15% TCP-GIC, the group with highest amount of -TCP involved. BCP-GIC and HA-GIC had subsequent bonding strength, and there were no statistically significant difference between them (Fig. 4) . On the SEM image of the sectioned dentin surface, bone-like apatite crystal was deposited around the intertubular dentin in all three groups of 15% HA-GIC, BCP-GIC, TCP-GIC. Among them, TCP-GIC group showed the highest apatite formation on the dentin surface (Fig. 5) . 
Conclusion
In previous studies, bioactivity of HA in GIC has been verified. In this present study, we observed higher formation of the bone-like apatite at the interspaces with teeth by adding β-TCP, a material with higher solubility than HA. Increased formation of the bone-like apatite means increased bonding strength between the glass ionomer and teeth. We predict that higher solubility of the β-TCP caused this result. As previous studies confirmed the bioactivity of HA, we also verified the bioactive property of the β-TCP in this study. Further studies with the various concentration of the β-TCP will be required in order the find the concentration to maximize the bonding strength with the teeth and to improve the physical property of GIC. In addition, despite of expected difficulties, in vivo experiments to confirm the bioactivity of β-TCP and HA should be performed for the clinical application.
